Environmental stresses such as chilling temperatures can reduce seed germination rate, seedling emergence rate, flower and fruit development, marketable yield, and postharvest fruit storage longevity in cucumber (Cucumis sativus L.) (Staub and Bacher, 1997; Staub and Wehner, 1996) . Chilling temperatures occur in unpredictable patterns, making it difficult to implement management practices for crop protection. Moreover, response of cucumber seedlings to chilling depends on pre-and postchilling environment. Therefore, breeding for tolerance to chilling is an attractive management tool to minimize crop loss.
Chilling injury at the first true-leaf stage in cucumber is controlled by simple plastidic (Gordon and Staub, 2011) .
No chilling-tolerant U.S.-processing cucumber varieties are commercially available. Although the processing cultivar Chipper (released in 1968 from Clemson University, Clemson, SC) possesses plastid genes for chilling tolerance in the seedling stage, its yield and quality are substantially lower than current cultivars. Therefore, experiments were undertaken to introgress the plastid chilling tolerance of 'Chipper' (donor parent) into the commercially acceptable processing cucumber line M29 [recurrent parent; experimental inbred line (S 11 ), North Carolina State University, Raleigh, NC] via backcrossing and self-pollination (Gordon and Staub, 2013) . As a result, a series of three advanced backcross (ABL; BC 5 ) and 10 inbred backcross (IBL; BC 2 S 3-5 ) chilling-tolerant U.S. processing lines possessing acceptable yield and quality traits are being released by the Agricultural Research Service (ARS), U.S. Department of Agriculture (USDA). The chilling tolerance of backcross progeny is characterized by their response to chilling stress (5.5 h at 4°C in 270 mmol · s -2 · m -2 cool white lighting) at the first true-leaf stage under controlled environmental conditions. These lines provide chilling-tolerant genetic stocks suitable for immediate use by cucumber improvement programs.
Origin
Breeding lines were developed through initial reciprocal matings made between chilling tolerant 'Chipper' (CH is used hereafter to indicate tolerant cytoplasmic constitution) and chilling sensitive processing line M29 (M designates sensitive constitution) to produce F 1 progeny for backcrossing to the recurrent parent, line M29 (Gordon and Staub, 2013) . NCSU M 29 was developed from the cross of two accessions, PI 222783 ('Khiar Sabz') · PI 222985 ('Khiar'). These PIs were crossed in 1980 and their progeny selected for cold germination ability in 1982-1986 in controlled-germination chambers, and finished as an S 11 inbred. Chillingsensitive and tolerant advanced backcross (ABL; BC 1 -BC 5 ) and inbred backcross (IBL; BC 2 S 1-5 ) lines were created from F 1 reciprocal chilling-sensitive and tolerant lines by backcrossing to a cloned recurrent parent of the alternate chilling response type [i.e., tolerant ('Chipper') and sensitive (M29), respectively] parental line. Exact reciprocal F 1 progeny for comparative genotypic and phenotypic analyses were developed by crossing 'Chipper' and M29 to produce germplasm in chilling-tolerant (CH; 'Chipper' · M29) and in sensitive (M; M29 · 'Chipper') maternal plastidic backgrounds.
Reciprocal F 1 s intended to produce chilling-tolerant ABL were backcrossed to their paternal genetic donor five times to produce BC 1 -BC 5 progeny. For production of IBL, 240 randomly chosen reciprocal ABL BC 2 progeny (i.e., 120 chilling-sensitive ABL BC 2 , and 120 chilling-tolerant ABL BC 2 ) were self-pollinated five times to produce the sensitive and tolerant [containing the M29 plastid (MIBL), and tolerant 'Chipper' plastid (CHIBL), respectively] BC 2 S 5 progeny. Attrition due to seedling death and lack of seed set during reciprocal backcrossing yielded a set (BC 1 -BC 5 ) of 10 ABL (i.e., five each-chilling tolerant and sensitive) and 163 (i.e., 57 CHIBL and 106 MIBL) IBL for molecular genotyping, chilling tolerance testing, and field evaluation.
Line Evaluation
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